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Fertilizing Tifgreen' Bermudagrass
Golf Greens in Louisiana
E. P. Barrios, 1 L. G. Jones, 1 K. L. Koonce2 and L. P. Leger1
Introduction
Tifgreen' bermudagrass provides the most desirable playing surface on
golf putting greens in the southern United States during the warm spring
and summer seasons. Maintaining this turfgrass to provide the optimum
playing surface and appearance requires relatively large amounts of nitro-
gen (N), phosphorus (P), and potassium (K) fertilizers, especially with the
high rates of rainfall and generally warm temperatures found in Louisiana.
Bermudagrass quality is influenced principally by N (2, 24)*. Frequent
applications of nitrogen fertilizer should be made from the beginning of
spring growth until overseeding with a winter grass in the fall. Heavy
concentrations of foot traffic on golf greens require that they be constructed
with large percentages of sand and smaller percentages of organic matter
and topsoil (8). The high proportion of sand in greens results in consider-
able leaching, and N supplied in soluble sources can quickly become
unavailable to turfgrass on the surface of greens. Therefore, slowly soluble
types are generally used. These also afford greater safety margins against
foliar injury than more soluble forms (10, II, 22, 24). Sources such as
ureaformaldehyde and urea are used principally to provide N in the form of
mixed fertilizers for golf greens.
Phosphorus affects the establishment, rooting, maturation, and repro-
duction of turfgrasses (4). Responses to P applications reportedly have
occurred when the soil level was less than 5 parts per million (ppm) of
bicarbonate extractable P (15). Some research has indicated that turf-
grasses vary in their response to P supply (5) . Bermudagrass is believed to
be low in P absorption in comparison with some other turfgrasses, but no
published research has proven this supposition. However, P had a greater
influence on the yield of Kentucky bluegrass than on that of red fescue f 14)
.
Extractable P4 levels during a 1973 to 1978 soil analysis survey of 1,150
golf greens in Louisiana showed that 52 percent varied from 100 to 400
ppm, with 33 percent higher than 400 ppm, at the 0 to 6-inch sampling
depth (6).
'Professors and Research Associate, respectively, Department of Horticulture, LSU,
Baton Rouge, LA. 70803.
2Professor, Department of Experimental Statistics, LSU Baton Rouge, La. 70803.
3
Italic numbers in parentheses refer to Literature Cited, page 33.
Extracted with 0.1N HC1 + 0.03N NHiF at a soil-to-extractant ratio of 1:20.
Potassium sources, rates, and frequencies have been shown to affect turf
quality (3, 13). A soil analysis survey of 1,150 Louisiana golf greens from
1973 to 1978, at the 0 to 6-inch depth, showed that 91 percent contained
from 25 to 200 ppm of extractable K5
,
63 percent had 25 to 100 ppm, and 7
percent exceeded 200 ppm (6). The efficiency of utilization of applied K is
thought to be relatively low in golf green media, however, due to leaching
losses during the long, moist growing season in Louisiana. Relatively large
amounts of K are required for increased root, stolon, and rhizome de-
velopment in turfgrasses. Heat, cold, and drought tolerance are also influ-
enced by K levels in the plant (/, 4, 12, 17, 19, 21).
Some objectives in this research were to study the effects of various
rates, application frequencies, and sources of N on the quality and yield of
Tifgreen' bermudagrass grown on a golf green in a warm, high-rainfall
environment. A single source of P or K was also used at several rates and/or
ratios of these elements in other studies to determine their influences on
growth and quality responses of the same turfgrass produced in a similar
environment and root-zone medium.
Experimental Procedure
Eight golf greens of 750 square feet each were constructed at the LSU
Agricultural Experiment Station's Burden Research Center, Baton Rouge,
in 1972 and 1973 according to U.S. Golf Association specifications (8).
The medium consisted of 70 percent sand (0.3 percent 0.05 mm to 0.10
mm; 10.5 percent 0. 10mm to 0.25 mm; 42.5 percent 0.25 mm to 0.50 mm;
25.7 percent 0.50 mm to 1 mm, and 11.1 percent 1 mm to 2 mm), 20
percent sphagnum peat moss, and 10 percent topsoil (Cascilla silt loam).
Materials were measured by volume, mixed off-site with a 7 cubic yard
cement truck, and placed on an area provided with a gravel base and
subsurface drainage. Initial depth of the greens mix was 16 inches, settling
to 14 inches by the fall of 1973. Infiltration rate of the completed greens
(April, 1973) was approximately 5 inches per hour with a moisture reten-
tion rate from 1.5 percent at 15 atmospheres to 15.1 percent at 40 atmos-
pheres, providing 0.2 inch of available moisture per inch of medium. Bulk
density was 1.5 grams per cubic centimeter, with a capillary pore space of
23 percent and noncapillary pore space of 21 percent.
Financial limitations somewhat restricted the size of each green. There-
fore, provisions were made to eliminate possible experimental error result-
ing from this source. Plots were 3 x 15 feet each, separated by borders 8
inches wide, with fiberglass dividers placed between them to a depth of 12
inches below the surface. Turfgrass between plots was killed regularly with
5Extracted with IN NH4OAC buffered at pH 7.0 at a soil-to-extractant ratio of 1:20.
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a contact herbicide to prevent growth from one plot to another. Replica-
tions in the greens in the K treatment were also separated from one another
by fiberglass dividers, but the N and P replications (greens) were separated
only by 5-foot-wide borders of topsoil (Cascilla silt loam) . Shoulders of the
greens were composed of the same topsoil and were also planted with
Tifgreen' bermudagrass.
The pH of the mixed medium at the 0 to 6-inch depth was adjusted from
4.9 to between 6.5 and 7.0 by the addition of agricultural lime (100 mesh)
during 1973 and was maintained in that range through 1980. Extractable
calcium (Ca) averaged 1 ,200 ppm and magnesium (Mg) averaged 100 ppm
during the period of this research. Initial analyses of the medium (0 to
3-inch depth) showed 14 and 15 ppm of extractable P and K, respectively
(6) . Consequently, a pre-plant starter fertilizer was applied at the rate of 5
pounds of available P2O5 (single superphosphate), 5 pounds of available
K2O (potassium chloride), and 2 pounds of N (ammonium nitrate) per
1,000 square feet 1 month prior to planting and incorporated into the
medium to a depth of about 4 inches . Greens in the N and K treatments were
planted with 'Tifgreen' bermudagrass in September 1973 by sprigging at
the rate of 10 bushels per 1,000 square feet. Although rainfall fluctuated
considerably from year to year, approximately 2 inches of moisture per
week were provided during the growing season by rainfall supplemented
with an underground irrigation system.
The turfgrass was mowed daily to a height of about V\ inch using a greens
mower equipped with a basket to remove clippings. Plots were verticut
three times each season to control thatch, aerified, and topdressed twice a
year with the same materials used to construct the greens. Data were
collected when 75 percent or more of the plot area consisted of actively
growing bermudagrass. Yields of clippings were obtained from dry grass,
unmowed for the previous 24-hour period, with a modified greens mower
18 inches wide with an attached grass catcher. The same clippings were
also used for foliar analyses to determine tissue concentrations of N, P, K,
copper (Cu), iron (Fe), Mg, manganese (Mn), sulfur (S), and zinc (Zn).
Foliar samples were dried at 95°F for 48 hours prior to analysis. Turf
quality was evaluated by a panel of five faculty members and golf superin-
tendents within 48 hours after yield data were obtained. The panel was
composed of the same members throughout the research period, with
ratings based on a visual scale of 1 (poorest) to 9 (best) in appearance and
texture. Turfgrass was not considered of acceptable quality if the rating was
less than 6.5. Five to 10 sets of yield records and quality evaluations were
made in each growing season, depending on environmental conditions.
Nitrogen Plots
The experimental design was a randomized block with three replications
(greens) and 16 treatments, utilizing three sources and several rates and
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application frequencies of soluble and slowly soluble N fertilizers. Sources
used included ammonium nitrate, ureaformaldehyde (UF), and activated
sewage sludge (Milorganite) during 1974, 1975, and 1976; ammonium
nitrate, isobutylidene diurea (IBDU), and Milorganite in 1977 and 1978;
and sulfur-coated urea (SCU), Hi-Organic (activated sewage sludge), and
Milorganite in 1979 and 1980 (Tables 1,2, and 3). Fertilizers were applied
from April to October each year and watered in by hand sprinkler im-
mediately after application to avoid foliar injury.
Table 1.—Nitrogen treatments, April to October, 1974, 1975, and 1976
no
.
Source
N
(lb/ 1,000 ft2 ) Frequency
Total N/yr
(lb/ 1,000 ft2 )
i Ammonium nitrate 1 Monthly 6
2 Ammonium nitrate 1 Biweekly 12
3 Ammonium nitrate 2 Monthly 12
4 Ammonium nitrate 2 Biweekly 24
5 Ammonium nitrate 3 Monthly 18
6 Ureaformaldehyde 1 Monthly 6
7 Ureaformaldehyde 2 Monthly 12
8 Ureaformaldehyde 3 Monthly 18
9 Ureaformaldehyde 4 Monthly 24
10 Ureaformaldehyde 6 Monthly 36
1 1 Milorganite 2 Monthly 12
12 Milorganite 4 Monthly 24
13 Milorganite 12 Bimonthly 36
14 Milorganite 6 Bimonthly 18
15 Milorganite 8 Bimonthly 24
16 Milorganite 18 Trimonthly 36
Table 2.—Nitrogen treatments, April to October, 1977 and 1978
Treatment N Total N/yr
no. Source (lb/ 1,000 ft2 ) Frequency (lb/ 1,000 ft
2
)
1 Ammonium nitrate 1 Monthly 6
2 Ammonium nitrate 1 Biweekly 12
3 Ammonium nitrate 2 Monthly 12
4 Ammonium nitrate 2 Biweekly 24
5 IBDU 2 Monthly 12
6 IBDU 4 Monthly 24
7 IBDU 4 Bimonthly 12
8 IBDU 6 Bimonthly 18
9 IBDU 12 Trimonthly 24
10 IBDU 18 Trimonthly 36
11 Milorganite 2 Monthly 12
12 Milorganite 4 Monthly 24
13 Milorganite 4 Bimonthly 12
14 Milorganite 6 Bimonthly 18
15 Milorganite 12 Trimonthly 24
16 Milorganite 18 Trimonthly 36
6
treatments, April to October, 1979 and 1980
Treatment N Total N/yr
no. Source (lb/ 1,000 ft2 ) Frequency (lb/ 1,000 ft
2
)
1 SCU 1 AA /-sr-| +h 1 i/(YIUI IIMly 6
2 SCU oz AAonth ly 1
2
3 SCU 2 B i monthl y 6
4 SCU 4 B imon th 1y 1
5 H i - (i mrt ni r1 1 1 \_/ 1 UU 1 II K, 1 Monthly 6
Ao H i " rcjonic 2 Monthly 1 2
7 Hi-Organic
•5
O AAontn 1 w/V\LM 1 1 1 il y 18
8 Hi-Organic 2 Bimonthly 6
9 Hi-Organic 4 B im onthl y 12
10 Hi-Organic 6 Bi month ly 1
8
1
1
^Ai 1 organ i te 1 Monthly 6
1
2
^Ai 1 orgo ni te 2 Monthly 12
13 Milorganite 3 Monthly 18
14 Milorganite 2 Bimonthly 6
15 Milorganite 4 Bimonthly 12
16 Milorganite 6 Bimonthly 18
Medium samples were taken at the 0 to 3 -inch depth periodically (1974
through 1980) to monitor pH and levels of extractable P and K. These
elements were applied when necessary (as superphosphate and potassium
chloride) to maintain levels of P and K at about 300 and 100 ppm,
respectively.
Phosphorus Plots
These greens were sprigged in August of 1975 with 10 bushels per 1 ,000
square feet of 'Tifgreen
7 bermudagrass. The experimental design was a
randomized block with three replications (greens). Each replication was
composed of three sub-plots (250 square feet each) with low, medium, and
high levels of extractable P, modified by pre-plant applications of super-
phosphate in 1974 and 1975 from the initial 14 ppm of extractable P. The
low (A) contained 15 to 62 ppm; medium (B), 72 to 150 ppm; and the high
(C), 151 to 300 ppm of extractable P when the experiment was initiated in
the spring of 1976. Fertilizer treatment plots consisted of three varying P
(superphosphate), but constant N (ammonium nitrate) and K (potassium
chloride) ratios, which were applied across all sub-plots at two different
rates on a monthly frequency (May to October) in 1976, 1977, and 1978
(Table 4).
Samples from the medium were obtained at the 0 to 3 -inch depth
periodically to monitor pH and levels of extractable P and K. Additional P
from superphosphate was applied to the sub-plots when necessary to
maintain the approximate levels described above for the duration of this
research.
7
Table 4.— Fertilizer treatments, May to October, 1976, 1977, and 1978
Treatment Ratio 1 Rate per application Total/yr
fN-P-IO (lb/ 1,000 ft2 ) (lb/ 1,000 ft
2
)
1 1 O-4-o 10 50
2 16-8-8 10 50
3 16-16-8 10 50
4 16-4-8 i rm1 uu
5 16-8-8 20 100
6 16-16-8 20 100
'N = ammonium nitrate, P = superphosphate, K = muriate of potash.
Potassium Plots
This research was designed on two golf greens as a randomized block,
with four replications (each 375 square feet). One K source (KC1
—
potassium chloride), several rates, and three application frequencies were
used (Table 5). Treatments were applied initially in 1974 with the same
source, rates, and frequencies continued from May to October in 1975 and
1977.
Growing medium samples (0 to 3-inch depth) were taken periodically to
determine nutrient levels. Elements other than K were applied to maintain
extractable P (superphosphate) at about 200 ppm, with N (ammonium
nitrate) supplied at the rate of 2 pounds monthly per 1 ,000 square feet from
April to October.
Table 5.—Potassium treatments, April to October, 1974, 1975, and 1977
Treatment Rate/application 1 Season of Total/year 1
no. (lb/ 1,000 ft 2 ) application
2 (lb/ 1,000 ft2 )
1 1 Spr "9 1
2 1 Spr ng and summer 2
3 1 Spr ng, summer, fall 3
4 3 Spr n9 3
5 3 Spr ng and summer 6
6 3 Spr ng, summer, fall 9
7 9 Spr ng 9
8 9 Spr ng and summer 18
9 9 Spr ng, summer, fall 27
'Available K 20.
2 Spring (May), summer (July), fall (September).
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Results and Discussion
Nitrogen Fertilization (1974, 1975, and 1976)
Yield was correlated with turfgrass quality (r = 0.30**). Application
date was also associated with quality (r = 0.19**), but not with yield. Both
yield and quality were lowest in 1975 and highest in 1974 (Table 6). Peak
mean quality in all years occurred on August 15 and mean quality was
lowest on June 30, varying at other dates. Yields were highest on June 15
and lowest on September 10 (Table 7).
Quality was significantly higher (*) in five of the six plots treated with
activated sewage sludge (Milorganite) at monthly or bimonthly frequen-
cies. All others received lower quality ratings. Yields were also significant-
ly higher (*) in the five Milorganite plots. Treatment with this fertilizer at
all rates except 2 pounds monthly per 1 ,000 square feet (Treatment No. 11)
resulted in the highest yields . Variable yields occurred in plots treated with
other sources, rates, and frequencies (Table 8).
The N content of clippings was correlated with quality (r = 0.58**),
yield (r = 0.34**), N source and pounds per 1,000 square feet (r =
0.29**), foliar P (r = 0.42**), and foliar K (r = 0.37**). There were no
associations between year, sampling date, soil P, and foliar N concentra-
tion. At comparable N application rates and frequencies, Milorganite
^Significant at the .05 level of probability.
**Significant at the .01 level of probability.
Table 6.—Influences of nitrogen treatment and year on quality and yield
Treatment
no.
Panel evaluation 1 Plot yield2
1974 1975 1976 1974 1975 1976
1 6.5 6.2 6.2 49 18 20
2 6.9 6.2 6.8 62 30 43
3 6.7 6.
1
6.5 64 25 34
4 6.7 6.1 6.6 79 31 59
5 6.4 6.0 6.5 76 27 43
6 6.5 6.3 6.1 45 18 24
7 6.4 6.2 6.5 64 25 34
8 6.5 6.1 7.0 74 27 45
9 6.6 6.1 7.1 80 29 53
10 6.8 6.2 6.9 71 31 65
11 7.0 6.6 7.1 65 36 51
12 7.3 6.7 7.3 97 41 72
13 7.3 6.8 7.3 102 47 88
14 7.1 6.6 7.0 102 41 65
15 7.2 6.6 7.2 109 43 69
16 7.2 6.4 6.5 109 48 79
1 1-9, 9 = best.
2Grams fresh weight/ 22 ft2 .
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generally resulted in higher foliar N concentrations than ammonium ni-
trate, while plots treated with unreaformaldehyde were intermediate (Table
8). Peak mean N concentration in 1975 occurred July 20 and the lowest
concentration occurred September 10, but highest amounts present in 1976
were on August 15 and September 10, and the lowest were on June 15.
Mean N content of the foliage was higher in 1976 than in 1975.
Foliar P percentages were correlated with N treatment (r = 0.22**), and
with foliar N and K (r = 0.42** and 0.43**, respectively), as shown in
Table 8. There was no association between yield, quality, sampling date,
soil P, and foliar P. The highest percentage of P was present in clippings
from plots that received 4 pounds of Milorganite N monthly. All remaining
treatments produced turfgrass with variable concentrations of P (Table 8).
In 1975, the lowest foliar P concentration occurred on September 10 and
the highest on July 20. Highest percentages in 1976 were on May 20 and
lowest on June 30. Mean P concentration of samples was higher in 1975
than in 1976.
The amount of foliar K was correlated with treatment (r = 0.27**),
foliar N (r = 0.39**), and foliar P (r - 0.43**). A correlation (r = 0. 16*)
also existed between the K concentration in the clippings and quality of the
clippings, but there was no correlation between K concentration and yield,
year, or amount of soil P. A higher percentage of K was present in foliage
from plots treated monthly with 4 pounds of Milorganite N than in others
Table 8.—Mean effects of nitrogen treatment on quality, yield, and foliar concentra-
tions of N, P, and K
1974, 1975, 1976
1975, 1976 (% dry wt.)
Treatment Quality
no. score
1 3 Yield 2 3 N 3 P 3 K 3
13 7.2a 79a 5.04ab 0.54 b 1.82 b
12 7.1 ab 70 b 5.12a 0.57a 1.91 a
15 7.0 bc 74ab 4.86d 0.52cd 1.77 bc
14 6.9C 69b 4.72de 0.52cd 1.76 bcd
11 6.9C 51 d 4.72de 0.54 b 1.72cd
16 6.7de 78 a 4.67e 0.50ef ! 74 bed
10 6.7de 56c 5.13a 0.54 b 1.69cd
9 6.6def 54cd 5.01 b 0.52cd 1.68cde
2 6.6def 45 ef 4.78 d 0.51 de 1.72 bcd
8 6.5ef9 49de 4.80cd 0.52cd 1.68cde
4 6.5ef9 56c 4.88 c 0.51 de 1.67def
3 6.4 ,9hi 41 9 4. 39s 0.49'9 1.60efg
7 6.4 f9hi 41 9 4.53 f 0.50 ef 1.59'9
6 6.3 hi 29 h 4. 10 h 0.49fg 1.53 9
5 6.3 hi 48def 4.52* 0.49'9 1.559
1 6.3 hi 29 h 4.17h 0.49'9 1.54 9
'1-9, 9 = best.
2Grams fresh weight/ 22 ft 2 .
3Mean separation by Duncan's multiple range test; means within columns with at least one letter in common
are not different at the 5% level.
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(Table 8). Highest foliar K percentage occurred on July 20 and the lowest
on September 10. The mean K content of clippings was higher in 1976 than
in 1975.
Copper and zinc concentrations in turfgrass foliage were interrelated (r
= 0.72**) and were correlated with quality (r = 0.56** and 0.26**), yield
(r = 0.43** and 0.26**), and foliar K levels (r = 0.25** and 0.41**).
Treatment influenced amounts of Cu and Zn present in the tissue (Table 9)
.
The concentration of copper in clippings was highest on September 10 and
lowest on August 15. FoliarZn amounts were highest on July 20 and lowest
on June 15.
The amount of foliar Fe present was correlated with tissue P (r =
0.43**). Highest Fe content occurred in clippings from plots treated
monthly with 4 pounds of N from Milorganite (Table 9). Foliar Fe was
highest on the August 15 sampling date and lowest on June 15 in both 1975
and 1976.
Foliar S, Mg, and Mn concentrations were not associated with quality or
yield (Table 9). Mean S content of clippings was highest at the last
sampling date (September 10) and lowest on June 30. Foliar Mg was
highest on August 5 and lowest on June 30. Levels of Mn present in grass
foliage were variable throughout the sampling dates and years.
Yield may not necessarily be a measure of all turfgrass quality. How-
ever, this research showed that the two factors were related on 23 harvest
dates and evaluations. Shoot density was reported by evaluation panel
Table 9.—Mean effects of treatment on foliar concentration ofMg, S, Fe, Mn, Cu, and
Zn
1975, 1976 (dry wt. basis)
Treatment Mg 1 S 1 Fe 1 Mn' Cu2 Zn2
no. (%) (%) (ppm) (ppm) (ppm) (ppm)
1 0.13 0.46 324 66 1 l c 35e
2 0.14 0.43 433 62 9cd 36e
3 0.14 0.46 379 64 gde 32
e
4 0.15 0.43 310 73 Tde 31 e
5 0.14 0.44 295 65 Tde 31
e
6 0.13 0.47 362 98
gde 41 e
7 0.13 0.45 295 111 yde 39=
8 0.14 0.44 252 137 6e 48de
9 0.15 0.41 257 144 5e 44de
10 0.15 0.41 310 155 5e 45de
11 0.14 0.47 629 64 17" 64d
12 0.15 0.50 1,183 116 20ab 139ab
13 0.14 0.47 815 108 21 a 145a
14 0.14 0.46 457 120 21 a 123bc
15 0.14 0.45 414 129 19ab 115
c
16 0.15 0.46 305 143 21 a 123
bc
'Not significantly different in means.
2Mean separation by Duncan's multiple range test; means within columns with at least one letter in common
are not different at the 5% level.
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members as a criterion in quality ratings, combined with texture and color
of the grass. Density has been proposed as a better measurement of golf
green turfgrass quality than clipping yields. High shoot density alone has
also been reported as not positively associated with the quality of golf green
turf. Visual rating, however, is considered the best method of turf quality
evaluation if performed by competent individuals independently of one
another.
Six of the eight highest yields and quality ratings resulted from treatment
with activated sewage sludge. This fertilizer has been widely used on golf
greens for many years. Ureaformaldehyde at the highest rate (6 pounds of
N per 1,000 square feet per month) was the only other treatment that
resulted in comparable yields, but it ranked significantly lower (*) in turf
quality than five of the six Milorganite treatments. Ureaformaldehyde N
plots generally received their highest quality scores in the spring and fall,
dropping below acceptable levels in July, August, and September. Am-
monium nitrate treatments, including those applied biweekly, produced
results similar to those obtained with UF. Temperature and/or moisture had
more influence on the N response from ammonium nitrate and UF than on
the N response from Milorganite. Some other unpublished research here
has shown agreement with these data concerning UF and ammonium
nitrate as N sources.
Maximum daily air temperatures at the Burden Research Center
turfgrass plots reached 90°F or higher in June and continued at those levels
until late September or early October each year. Rainfall during the
6-month research period varied from about 34 inches in 1975 to 5.5 inches
in 1976, with 19 inches received in 1974. However, all plots received at
least 2 inches of moisture per week; rainfall was supplemented with
irrigation when necessary. Mean quality and yield were lowest in 1975,
reflecting the influence of high rainfall on the effectiveness of some of the
fertilizers used in this study. The leaching effect of the large amounts of
moisture in 1975 was greater on the ammonium nitrate and UF treatments
than on those containing Milorganite. Furthermore, mean foliar N concen-
trations in clippings were higher in 1976 than in 1975.
The influence of temperature also seemed more evident on plots treated
with ammonium nitrate and UF. Mean quality of the Milorganite plots was
generally highest from August 15 to September 10, when temperatures
were at an average seasonal maximum (90° to 95°F). Mean quality of the
grass in most other treatments was also generally highest on August 15 but
decreased by September 10. Results with UF and ammonium nitrate seem
to agree with reported research in that the amount of applied N from these
sources apparently assimilated by the turfgrass was lower than that of some
other N materials, showing the effect of high temperature on N liberation.
However, most published results were obtained with cool-season turf-
grasses grown under lower temperature and rainfall conditions than those
13
in this study. Research (24) with Tifgreen' bermudagrass in a somewhat
similar environment disclosed that ammonium nitrate and urea treatments
produced high-quality turf, while Milorganite produced higher quality turf
than plots treated with other organic sources. Soluble sources were applied
eight or 16 times per season, while slowly soluble sources produced more
uniform growth with fewer applications. The research reported here
showed that Miloganite at similar rates generally produced higher turfgrass
quality than other sources used, even when applied less frequently.
A limited amount of research concerning turfgrass foliar analysis has
been reported. Sampling procedures and interpretation of results have
restricted use of this technique to diagnose plant nutrient status or interpret
response. Seasonal fluctuations are considered to be a major source of error
in foliar analyses. All tissue from a given harvest date in this study was of
the same approximate maturity, since plots were not mowed during the
24-hour period preceding sampling. Levels ofN used varied considerably,
ranging from low rates to much larger amounts than are commonly applied.
Tissue analyses reported herein were intended primarily to determine the
possible influence of N source, rate, and frequency on tissue concentra-
tions of other elements and subsequent quality and yield of the turfgrass.
One N source, Milorganite, contained other elements which were not
present in ammonium nitrate and UF (25).
Foliar N levels in this study were somewhat higher than those previously
reported (7, 9, 19). Five of the six Milorganite-treated plots were of higher
quality than all others, but foliar N was higher in only two. Some UF
treatments resulted in higher concentrations of tissue N than several of the
highest Milorganite plots, but ranked lower in quality. A few ammonium
nitrate treatments showed a similar pattern. The trimonthly Milorganite
plots were also of higher quality than eight others, but ranked lower than
several treatments in N concentration of clippings. These data suggest that
high foliar levels of N alone may not account for improved quality.
Percentages of N, P, and K in the tissue were related. Foliar P concentra-
tion alone had no apparent influence on panel ratings, while the K concen-
tration of clippings was associated with turf quality.
Foliar Cu and Zn were also related to grass quality, while Fe, Mg, Mn,
and S were not. Treatments that received panel evaluations above the
acceptable level of 6.5 also generally had higher amounts of N, P, Cu, and
Zn in clippings.
The mean Zn content of foliage was highest in plots treated with
Milorganite , which contained significant amounts of this element ( 1 ,200 to
1 ,500 ppm) . Topsoil used in the medium was considered low in extractable
Zn, containing less than 1 ppm. Foliar analyses from all plots showed
higher concentrations of Zn than that reported by others.
Copper was also highest in tissue samples from the Milorganite-treated
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plots. This fertilizer contained from 400 to 470 ppm of Cu by analysis.
However, the concentration of this element present in clippings was about
the same as that previously reported, while the Mn concentration was
generally lower. Extractable Cu and Mn in the topsoil used was considered
low, less than 1 and 19 ppm, respectively.
The average Fe concentration was also generally highest in foliage from
plots treated with Milorganite , which contained from 3 .9 to 6.4 percent Fe.
Tissue samples from all treatments had higher concentrations of Fe than
had been indicated in limited research. Seasonal variations in foliar Fe
occurred, but no Fe deficiency symptoms were observed at any time during
this study. Topsoil used was considered high in extractable Fe, from 49 to
66 ppm, and could account for the lack of an association between this
element in the foliage and observed quality. Some data have shown that the
addition of Fe improved turfgrass quality on soils where the element was
present in amounts usually considered adequate (23).
Concentrations of Mg in the tissue were lower than those reported
elsewhere (9, 20), but no observable deficiency symptoms occurred in the
grass on any plot. Analysis (25) showed from 0.29 to 0.42 percent Mg
present in Milorganite. However, no foliar samples contained significantly
higher amounts of this element than others.
Foliar S concentrations did not vary significantly with treatment, even
though Milorganite fertilizer contained from 0.99 to 1.50 percent of this
element. The tissue S concentration of 0.43 to 0.50 percent (dry weight)
found in this study would be above the reported critical level of 0. 1 to 0.2
percent for some turfgrasses (20). No S deficiency was observed in the
grass of any plot during 1975 or 1976.
Nitrogen Fertilization (1977 and 1978)
Quality was not associated with yield, but was related to amounts of
foliar N (r = 0.42**), K (r = 0.29**), Cu (r = 0.65**), and Zn (r =
0.44**). Yield was correlated with the foliar N (r = 0.42**) and P (r =
0.22*) content only. Application date and treatment significantly affected
(**) quality and yield, with a highly significant interaction between date
and treatment. No significant yearly difference in quality occurred between
the 1977 and 1978 seasons, but yields were higher in 1978 than in 1977
(Table 10). Highest mean quality (five common harvests) occurred on the
August 5 date and the lowest in July. Yields were highest in June and
lowest in August (Table 13).
Quality was significantly higher in the plots treated with activated
sewage sludge (Milorganite) than all others, regardless of rate or applica-
tion frequency (Table 12). Yields were largest in two of the six Milorganite
plots and were higher in two other Milorganite plots than any except those
treated with 12 pounds of IBDU N per 1,000 square feet monthly, which
had some of the lowest quality ratings. The low evaluation scores of
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IBDU-treated plots (Table 12), compared with those of plots treated with
other fertilizers in this study, were primarily due to the phytotoxic influ-
ence of IBDU on the turfgrass. All rates of IBDU above 2 pounds of N
resulted in some grass injury, generally increasing with the amount
applied. This damage seemed to occur first on roots of the turfgrass and
began to appear on the foliage about 2 weeks following application, even
though all N sources (including IBDU) were watered in with a hand
sprinkler immediately after they were applied. Plots treated with am-
monium nitrate were of intermediate quality in comparison with plots
treated with other sources used in this study, as was the case in the N
research conducted during 1974, 1975, and 1976.
These results generally substantiate those obtained in the study con-
ducted from 1974 to 1977 with Milorganite, ammonium nitrate, and UF.
Quality of the grass in plots treated with Milorganite was significantly
higher (*) than that in others during 1977 and 1978, as was the case in the
1974 to 1977 research. The influences of moisture and/or temperature on
turfgrass quality when treated with fertilizers other than Milorganite
seemed as evident in this study as in the research previously described.
Apparently, the amounts of some applied elements from inorganic fer-
tilizer sources that were assimilated by the grass plant were lower than
those supplied by Milorganite, which could account for quality difference
in turfgrasses (2).
The N content of clippings was influenced by treatment and application
date, although two of the IBDU plots with the highest percentages of foliar
N (Nos. 9 and 10) had the lowest quality ratings. This was partially due to
the phytotoxic effects of the high rates ofIBDU on the turfgrass, but also to
lower concentrations of some other elements in the grass foliage (Table 12)
which seem associated with quality (2): Foliar N concentration alone was
not as highly associated with quality in this portion of the N research as it
was in the earlier study. However, quality was generally higher as amounts
of all elements in the grass clippings except P increased above certain levels
(in the Milorganite-treated plots, Nos. 1 1 through 16). The amount ofN in
grass clippings was higher in 1977 than in 1978, although rainfall during
the growing season was about the same each year (36.4 and 35.5 inches,
respectively), as shown in Table 10.
Foliar N was generally highest in the Milorganite-treated plots in 1977,
except for IBDU treatments Nos. 9 and 10, where quality ratings were
generally lowest during both years in which this research was conducted.
However, mean levels of N in the grass foliage (1977 and 1978) were
greatest on the August 5 sampling date, when average quality ratings were
also highest, which was similar to results reported during previous years
(18). Lowest mean foliar N concentrations in 1977 and 1978 occurred in
July, when turfgrass average quality was also lowest, as in 1975 and 1976.
Percentages of foliar P were influenced by treatment and application
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date with a highly significant interaction existing between treatment
and
date! Plots treated with 4 pounds of Milorganite monthly (Treatment No.
12) contained significantly (*) higher amounts of P in clippings
than all
others while plots on which ammonium nitrate was applied were generally
lowest in this element (Table 12). It should be pointed out that treatment
with IBDU resulted in generally higher levels of foliar P than all others,
with the exception of the 4-pounds-per-month rate of Milorganite, al-
though only the Milorganite fertilizer contained P (25). However, addi-
tional P was added to all plots periodically from superphosphate to main-
tain extractable soil P levels at about 300 ppm. Mean concentrations of this
element in grass clippings (all treatments and sampling dates) were the
same in 1977 and 1978, although slight variations occurred among treat-
ments (Table 10). Treatment No. 12, however, was highest in foliar P
during both years (Table 11).
Levels of foliar P in 1977 were highest on the September 15 and lowest
on the July 15 sampling dates. In 1978, however, the reverse occurred.
Variability also existed during 1975 and 1976. Fluctuations in tissue
concentrations of this element among treatments and dates were larger in
1975 and 1976 than in the 1977 and 1978 seasons. Sampling error due to
differences in tissue maturity and seasonal variations could influence these
results, according to some authorities (9). However, age of the tissue
sampled was not considered to be a factor in the research reported here, as
Table 10.—Effect of treatment and year on quality, yield, and foliar concentrations of
N, P, and K
Panel Foliar N Foliar P Foliar K
Treatment
no.
evaluation 1 Plot yield2 (%) (%) (%)
1977 1978 1977 1978 1977 1978 1977 1978 1977 1978
1 6.6 6.6 48 55 4.5 3.9 0.47 0.48 1.7 1.6
2 6.1 6.3 47 75 4.5 4.0 0.48 0.49 1.7 1.6
3 6.1 6.2 47 85 4.6 3.9 0.49 0.46 1.8 1.6
4 5.8 6.2 53 1 17 4.6 4.3 0.50 0.52 1.8 1.8
5 5.9 6.2 49 87 4.5 4.2 0.49 0.51 1.8 1.7
6 6.0 6.0 78 1 17 5.
1
4.7 0.57 0.56 2.0 1.8
7 5.6 6.2 76 1 10 5.1 4.4 0.56 0.54 2.0 1.8
8 5.8 6.4 88 135 5.2 4.5 0.58 0.52 2.0 1.8
9 5.5 6.2 107 145 5.4 4.7 0.59 0.56 2.0 1.9
10 5.3 4.9 96 124 5.5 4.9 0.60 0.55 1.9 1.7
11 7.2 6.8 83 107 5.0 4.1 0.51 0.60 2.0 1.8
12 7.5 6.7 109 143 5.4 4.5 0.56 0.64 2.2 1.9
13 7.2 6.8 102 128 5.0 4.2 0.52 0.53 2.1 1.9
14 7.3 6.7 123 147 5.3 4.4 0.55 0.53 2.2 2.
1
15 7.2 6.8 125 177 5.2 4.3 0.54 0.50 2.1 2.0
16 7.4 6.3 121 203 5.3 4.4 0.54 0.53 2.2 2.0
T l-9, 9 = best.
2Grams fresh weight/ 22 ft2 .
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discussed in Experimental Procedure. Some other possible explanations
are suggested in the P research section of this publication, along with
seasonal variations.
Table 1 1.—Influence of treatment and year on foliar levels of Cu, Fe, and Zn
Element (ppm)
no. 1977 1978 1977 1978 1977 1978
1 1 l 13 21 24 35 48
2 9 1 1 24 28 36 46
3 7 10 25 23 32 44
4 6 8 19 19 31 44
5 7 15 20 20 31 43
6 8 8 20 20 41 52
7 6 8 18 19 39 48
8 5 7 21 18 48 52
9 5 8 19 18 44 49
10 4 8 19 19 45 46
1
1
17 27 22 24 64 102
12 20 41 26 31 139 152
13 21 19 29 28 145 99
14 21 20 26 29 123 115
15 20 21 35 27 1 18 135
16 21 30 42 38 123 163
Table 1 2.—Mean effects of treatment on quality, yield, and foliar nutrient concentra-
tions, six harvest dates per year, 1977 and 1978
Treatment Foliar Foliar Foliar Foliar Foliar Foliar
no. Quality 1 Yield2 N P K Cu Fe Zn
— (%) - - (PPm) -
12 7.1 a3 126b 5.0"c 0.60* 2.0a 31 a 29= 146a
15 7.03 151 a 4.8de 0.52'9 2.1 a 21 c 31 b 127"
14 7.03 135b 4.9" 0.54e 2.1 a 21 c 28cd n9bc
13 7.03 115c 4.6ef 0.53' 1.9 bc 20cd 29° 122bc
1 1 7.0a 95d 4.6e * 0.56cd ].9 bc 22 23def 83c
16 6.9s 1623 4.9cd 0.54e 2. l a 26b 403 1433
1 6.6b 529 4.2hi 0.48h 1.7de 12e 23
def AT
3 6.2bc 66' 9 4 3gh 0.48 h 1.7de oe
24<Jef 38e
2 6.2bc 6l'9 4 39h 0.49" 1.7de 26de 41 e
8 6. I* 1 12cd 4.9°" 0.55d 1.9 bc 6h 2^' 50"
5 6.1 bc 68b 4.49 0.50h 1.8cd ll e 20ef 3T'
6 6.0de 97d 4.9cd 0.57*° 1.9 bc 8' 20ef 47*
4 6.Cf e 85e 4.59 0.51 9h 1.8 cd 7 9 19ef 38s
9 5.9** 126b 5.1 b 0.58b 1.9 bc ft 19ef 47"
7 5.9"* 93d 4.8de 0.55d 1.9bc 7 9 19ef 44e
10 5.2f i :ocd 5.T 0.58b 1.8 cd 6h 19ef 45d
1 1-9, 9 = best.
2Grams fresh weight/ 22 ft2 .
3Mean separation by Duncan's multiple range test; means within columns with at least one letter in common
are not different at the 5% level.
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Foliar K levels were influenced by treatment. A highly significant
interaction also existed between the treatment and date of application. Four
of the six plots treated with Milorganite had higher concentrations of K in
clippings than all others (Table 12). This fertilizer was the only source,
however, that contained K (25) , but supplemental K (potassium chloride)
was added to all plots periodically to maintain levels of extractable K at
about 100 ppm. The amounts of the element in grass foliage from plots
treated with other fertilizers showed no significant variations. Foliar K
concentrations were higher in this research than those reported in 1975 and
1976 on the same golf greens (2), but the differences in 1977 and 1978
(Table 11) were not significant, probably because rainfall during both
seasons was about the same. Highest foliar K levels in 1977 occurred on
September 15 and lowest on July 15, but in 1978 the concentrations of this
element were highest on June 15, and were lowest on September 15.
The amounts of Cu, Fe, and Zn in grass clippings (Tables 11 and 12)
were significantly influenced (*) by fertilizer treatment, with a strong
interaction occurring between treatment and application date (**). Plots
treated with Milorganite were all significantly higher (*) than the other
plots in concentrations of these elments. Milorganite fertilizer was the only
source that contained Cu, Fe, and Zn (approximately 420 ppm, 4 to 6
percent, and 1,440 ppm, respectively). Foliar content of two of these
elements (Cu and Zn) influenced quality of the turfgrass in the 1975 and
1976 research. All Milorganite plots were significantly higher (*) than
other treatments in quality, and in amounts of Cu, Fe, and Zn present in
clippings, in this (1977 and 1978) study.
The above results, as in 1975 and 1976, suggest that high levels of foliar
N alone do not seem to account for improved grass quality. Although foliar
P concentrations were not associated with quality, they were related to
yield. However, the amounts of K, Cu, Fe, andZn, along with N, did affect
quality of the turfgrass in the research conducted from 1974 through 1978
.
Nitrogen Fertilization (1979 and 1980)
Experimental data showed turfgrass quality was significantly higher (*)
in samples from five of the six Milorganite treatments than in all others
(Tables 3 and 14). The lowest quality occurred when SCU, Milorganite,
and Hi-Organic fertilizers were applied at the rate of 1 pound ofN monthly
and SCU and Hi-Organic at 2 pounds ofN bimonthly per 1 ,000 square feet.
Treatments receiving the largest amounts of SCU and Hi-Organic still
produced significantly lower (*) quality turfgrass than all Milorganite plots
except one ( 1 pound of N monthly), even those treated with lower or equal
rates of Milorganite N.
Yields were not associated with quality, being higher in only three of the
Milorganite treatments that received the largest amounts of total N per
season. Most other plots produced somewhat variable turfgrass yields
(Table 14).
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Table 14.—Mean effects of treatment on quality, yield, and foliar nutrient concentra-
tions, 1979 and 1980
1 rcotmcnt Foliar Foliar Folior Foliar Foliar Foliar
Quality 1 Yield 2 N P K Cu Fe Zn
- (ppm) -— (%) -
16 7.433 45a 5.0* 0.5T 2.2s 26a 24a 188a
13 7.2ab 45a 4.5bc 0.48cd 1.8bc 20
bc 15d 104b
12 6.9= 44a 4.6bc 0.50" 1.9"° 21
b 15d 87°
15 6.9: 35b 4.7" 0.49bc 1.8bc 23
ab )7b 1 15b
14 6.7°d 28 de 4.4d 0.48cd :.<?bc 21 b 1
4
e 89=
10 6.4ef 29d 5.1 a 0.52a 1.8bc 17d 13' 38
,g
4 6.4e < 26de 4.7" 0.5011 2.0b 14e 12,g 3CP
h
7 6.3e,g 36" 4.4d 0.49bc 1 ^bcd }7i 1 l 9 38,g
9 6.3e,g 22e 4.7" 0.48°" 1.6d 16de ltf
11 35fg
2 6.2,gh 34bc 4.6bc 0.51 a 1.8bc 16de 16cd 36
fg
6 6.2,9h 21 ef 4.3de 0.48cd 1.7bcd 15
e 15d 23'
8 6.0^ 15h 4.3de 0.45ef 1.6d 17" ll 9
1
1
5.9»' 189 4.0f 0.47^ 1.6d ]T> 14e 64d
3 5.& 16h 4.3de 0.46de j ybcti 15e If/
11 54de
5 5.6 U 32bc 3.89 0.439 1.5
e 19cd 9 1 25'
1 5.5" 189 4.0f 0.45e " 1.5e 17" 12
f9 46*
M-9, 9 = best.
2Grams fresh weight/22 ft2 .
3Mean separation by Duncan's multiple range test; means within columns with at least one letter in common
are not different at the 5% level.
It should be noted that turfgrass plots on which SCU was applied were
generally equal in quality to those receiving Hi-Organic fertilizer at the
same or higher rates (as in Treatments 4 and 10). In previous research
reported here ( 1 974 to 1 979) , all inorganic or synthetic organic N fertilizers
generally produced inferior quality turfgrass when compared with Milor-
ganite, an activated sewage sludge of natural organic nature. Hi-Organic is
also a sewage sludge similar to Milorganite in origin, but it failed to
produce turfgrass of quality equal to that of Milorganite in this study.
The complete analysis of Milorganite has been reported ( 25) . Similar
chemical determinations (18) of Hi-Organic fertilizer in 1981 showed that
it contained the following amounts of some necessary elements for
turfgrasses: N, 4.70 percent; P, 1.60 percent; K, 0.53 percent; Ca, 0.62
percent; Mg, 0.21 percent; Fe, 4 percent; and Cu, Mn, and Zn, 380, 400,
and 690 ppm, respectively. Analyses of Milorganite (1980) for the above
elements showed: N, 6.25 percent; P, 2.40 percent; K, 0.32 percent; Ca,
0.69 percent; Mg, 0.32 percent; Fe, 6.40 percent; and Cu, Mn, and Zn,
405, 180, and 1,440 ppm, respectively. Thus, on a percentage basis,
Milorganite had more N (34 percent), P (50 percent), Cu (79 percent), Fe
(50 percent), Mg (52 percent), and Zn (109 percent), but less K (40
percent) and Mn (55 percent).
A comparison of SCU, Hi-Organic, and Milorganite at the rate of 2
pounds of N per 1 ,000 square feet on the bimonthly frequency (6 pounds
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of N per growing season; Treatments 3,8, and 14) points out a significant
(*) quality improvement with the use of Milorganite over both Hi-Organic
and SCU sources. This amount of N is lower than that used by many golf
turf managers, yet it improved quality significantly (*) over all other
sources and rates in this research except for the two highest Milorganite
treatments (Nos. 13 and 16), where 18 pounds of total N were applied per
growing season (Tables 3 and 14). Treatment with SCU, Hi-Organic, and
Milorganite at the rate of 1 pound ofN per month, or 6 pounds of total N per
season (Nos. 1, 5, and 11), resulted in the lowest quality turfgrass,
indicating this rate in a single application did not produce acceptable golf
green turfgrass based on the sources ofN used in this study. Similar results
were obtained with ammonium nitrate and UF at the rate of 1 pound of N
per month in 1974, 1975, and 1976. Foliar nutrient levels in this research
were generally lower than those during 1974 to 1979, since smaller
amounts of fertilizer were applied in 1979 and 1980 to determine minimum
application rates. The only plots that showed significantly (*) larger
amounts of the six elements measured in clippings (N, P, K, Cu, Fe, and
Zn) than all other treatments were those receiving the highest rate of
Milorganite, Treatment No. 16 (Tables 3 and 14). However, the five
Milorganite treatments that produced turfgrass of significantly (*) higher
quality than all others, including Treatment No. 14 (6 pounds of total N per
season), also contained significantly (*) higher amounts of Cu and Zn in
clippings. These results are consistent with those obtained in the research
from 1974 to 1979, except for use of the rate of 6 pounds of total N per
1,000 square feet, which was applied only in 1979 and 1980. Applications
at this rate and frequency, using SCU and Hi-Organic sources, resulted in
some of the lowest turfgrass quality ratings and foliar nutrient concentra-
tions.
Phosphorus Fertilization (1976, 1977, and 1978)
Turfgrass yield and quality were slightly associated (r = 0.32**),
although applied and total available (applied plus extractable) P, K, and
applied N had no relationship with quality (Table 16). Since shoot density
has been proposed as a measure of golf green turfgrass quality, these data
seem in agreement, as yield was influenced by applied N-P-K and total
available K. Visual ratings are considered the best method of turf quality
evaluation, if performed by competent individuals independently of one
another (4), Shoot density has been one of the three criteria used in quality
ratings (2, 16).
Yield was somewhat influenced by applied N and P (r = 0.26**) and K
(r = 0.30**), but not by total available P. Treatments with the highest rates
of P, but constant amounts of N and K, generally resulted in higher yields.
Extractable P or K in the medium were not associated with yield or quality
(Tables 15 and 16). The fact that extractable P and K were not related to
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yield or quality, while the rate of applied fertilizer and year of application
had a significant effect (**) on yield, although quality was influenced only
by year, should be noted. Only treatment with the highest rates of N-P-K
resulted in significant (*) yield increases , while quality was related only
to the highest P level in the ratio.
Soil analysis methods appear to have influenced the results reported
here. Techniques used and/or methods in which findings are expressed
vary widely, and have considerable influence on the values obtained. This
research shows there was no relationship between the level of extractable
soil P and plant responses, while extractable soil K was associated with
yield (r = 0.16*) and foliar N concentration (r = 0.23*). The fact that
applied N-P-K influenced yield, but extractable P and K had little or no
effect on yield or quality, may lead to speculation as to what constitutes
total available nutrients (extractable plus applied), based on soil analyses.
Foliar concentration appears to be a more reliable index of plant nutrient
status in this research, since levels of N, P, and K in the foliage were
correlated with yield, and some applied nutrients influenced yield and
foliar nutrient amounts, including that of P, while total and available P in
the medium had no association with foliar P.
Table 15.—Mean effects of extractable, applied, and total available P on yield and
quality, 1976, 1977, and 1978
Treatment
no. Yield' Quality2
P per
1,000 ft2
per year
Soil test P,
0 to 3- inch depth
P per
1,000 ft 2
per year
Applied Extractable Total available
—
- (PPm )
A-5 42.
5
a3 6. l ab 77 46 123
B-5 41. 8*b 6.1 ab 77 176 253
C-6 41. 7** 6.2a 154 370 524
A-6 41.3abc 5.9»b0 154 61 215
B-6 41 jabc 5 9a be 154 203 357
B-4 40 3abc 5.8bc 39 161 200
C-5 37.2bc 5.9»bc 77 304 381
C-4 37.2bc 5.8bc 39 288 327
A-4 37.0° 5.7= 39 36 75
A-3 32.
a
1 6.1 ab 77 48 125
C-3 31.5de 5 9abc 77 313 390
C-2 31.1 de 6.0abc 39 312 351
A-2 29. 0"5 39 37 76
B-l 29.0de 5.8bc 19 165 184
B-3 28.3de 6.1 ab 77 196 273
B-2 2gj.de 5 oabc 39 166 205
A-l 27.2de 5.9>t": 19 33 52
C-l 27.
0
e 5.8bc 19 283 302
'Grams fresh weight/ 22 ft2 .
2 1-9, 9 = best.
3Mean separation by Duncan's multiple range test; means within columns with at least one letter in common
are not different at the 5% level.
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Yield was correlated with foliar N (r = 0.46**), P (r = 0.32**), K (r =
0.44**), andFe(r = 0. 14*) concentrations (Table 16). Foliar N concentra-
tion was affected by year and rate ofN-P-K application, and correlated with
the amount of foliar P (r = 0.65**), K (r = 0.69**), and Fe (r =
0.29**). Application of the highest rate (100 pounds per 1,000 square
feet per season) of all three fertilizer ratios resulted in the highest percen-
tage of foliar N (Table 16). Lowest foliar N levels occurred in 1976, when
evaluation scores were highest and yields were intermediate. The highest
foliar N occurred in 1977, when yields were also greatest (Tables 17 and
18). Foliar N amounts were highest in August and lowest on the May
harvest dates.
The levels of foliar P were influenced by year and fertilizer rate. Total
available P in the medium and foliar P concentration were not associated,
but the highest amounts of applied P resulted in the largest accumulation of
this element in the foliage (Tables 16 and 18). Foliar P was correlated with
foliar K and Fe (r = 0.59** andr = 0.39**, respectively). Lowest foliar P
occurred in 1976, with levels remaining relatively constant in other years
(Table 18). The accumulation of P in clippings was highest in August and
lowest on the July harvest dates.
The amounts of K in the turfgrass leaves and total available K were
associated (Table 16). Significantly higher levels (*) occurred in clippings
Table 17.—Influence of treatment and year on yield and quality
Treatment
no.
Yield 1 Quality2
19763 19774 1978 s 19763 1977" 1978 5
A-l 23.3 36.9 21.4 6.1 5.9 5.7
A-2 22.2 40.0 23.8 6.1 5.8 5.9
A-3 24.2 42.9 28.8 5.9 6.2 6.1
A-4 36.4 45.5 28.0 6.2 5.6 5.2
A-
5
40.0 47.7 40.0 6.4 6.6 5.3
A-
6
39.0 46.8 38.3 6.4 6.1 5.3
B-l 27.0 39.9 20.2 6.1 6.0 5.3
B-2 24.0' 40.1 20.3 6.1 5.9 5.7
B-3 21.6 38.2 25.1 6.2 6.1 5.9
B-4 43.1 47.7 30.3 6.1 5.8 5.6
B-5 41.4 50.3 33.7 6.4 6.0 5.8
B-6 38.5 48.2 36.7 6.3 5.9 5.6
C-l 22.2 36.3 22.2 6.
1
6.0 5.5
C-2 26.0 40.5 26.8 6.0 5.9 6.0
C-3 21.0 45.5 28.1 6.0 5.7 5.8
C-4 33.9 46.7 31.0 6.3 5.5 5.5
C-5 35.7 45.9 30.3 6.5 5.9 5.2
C-6 40.0 45.2 40.3 6.2 6.3 5.9
1 Grams fresh weight/22 ft 2
.
2 1-9, 9 = best.
3 Rainfall (April 15-Sept. 30) = 4.6 inches.
4 Rainfall (April 15-Sept. 30) = 35.0 inches.
5 Rainfall (April 15-Sept. 30) = 33.9 inches.
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from those plots treated with larger amounts of this element (A, B, and C;
4,5, and 6). The year of application also affected levels of foliar K (Table
18). Concentrations in clippings were highest in 1977, while varying in
other years. Largest amounts were found in the grass foliage in August and
the lowest amounts on the July and September harvest dates.
Foliar Fe concentrations were affected by the year of application, being
highest in 1978 but variable in 1976 and 1977 (Table 18). An interaction
(*'*) occurred among Fe in clippings, year, and extractable soil P levels,
and also between year and amount of extractable soil P (Tables 16 and 18).
The extractable soil P levels and foliar Fe concentrations were somewhat
related (Table 16). Amounts of Fe in clippings were highest in samples
from the May harvest dates and lowest in September analyses.
The correlation shown here between foliar N, P, and K has been
previously reported (2). Other research has indicated that turfgrass yield
and foliar N, P, and K content were related, but that amounts of extractable
P in the medium were variable and unrelated to yield or quality (3).
Environmental influences on foliar N concentrations were also similar to
those reported here, including yearly and monthly variations. Turfgrass
quality fluctuated with rainfall extremes, as did foliar N levels, and both
were also influenced by high temperature and/or organic matter content of
the medium.
Since foliar P levels were related to yield in this study, and applied P
influenced the amount of the element in clippings, some interrelationship
between applied P and yield did exist. The highest rates applied—8 and 16
pounds of P 20 5 per 1 ,000 square feet—generally had the largest influence
on yield, and 2 pounds per 1,000 square feet had the least influence.
Results were somewhat variable with the 4-pound rate. Total available P,
however, did not follow a similar pattern as some of the highest yields
occurred when total available P was lowest, while the reverse also occurred
(Table 15).
The distinction between applied and total available P seemed to be an
influencing factor in this research. Further studies are necessary before this
matter can be completely resolved. For the present, however, it appears
that the portion of total available P called extractable P has very little
bearing on either yield or quality of 'Tifgreen' bermudagrass. On the other
hand, yield was influenced by the rate of applied P in the fertilizer ratio.
Thus, it seems that from a P nutrition standpoint with this turfgrass species,
major attention should be given to the P applied as fertilizer and relatively
less importance to the supply of the element supposedly already available
in the soil (at least with the P extractant method used in this study).
Potassium Fertilization (1974, 1975, and 1977)
The rate of K applied and the number of applications had no significant
influence on turfgrass quality, yield, or foliar N or P concentration. Plots
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receiving 1 pound of available K 20 per 1,000 square feet, applied only in
the spring, were of lowest quality while those treated with a total of 27
pounds divided into three equal applications in the spring, summer, and fall
had maximum scores (Table 19). Foliar K levels were also lowest and
highest in these respective treatments. The effectiveness of using K in split
applications at a high total rate is indicated in high rainfall areas where
leaching occurs. Turf quality and foliar N levels were correlated (r =
0.31**). (See Table 20.)
Yield and quality were not directly associated, but differences occurred
in these plant responses, depending on the amount of rainfall during the
year in which K 20 was applied (Figure 1, Table 19). The amount of the
element applied and the number of applications per year influenced foliarK
concentrations (Table 19). Extractable K ranged from 45 ppm in the
medium with the lowest applied K 20 rate to 74 ppm in samples from plots
receiving the highest application rate. Both foliar P and extractable P,
however, were variable and unrelated to treatment in these samples (Table
19). Extractable P ranged erratically among K 20 treatments from 150 to
210 ppm.
Turfgrass quality was highest in 1974 and lowest in 1977. Yield and
foliar N levels were highest in 1975 and lowest in 1977, while foliar K
concentrations were higher in 1977 (no foliar analyses were available in
1974). (See Table 20.) This indicates that quality, as rated visually by panel
members, was influenced more by N than by K nutrition, but also that
both, at certain critical levels, could have had an effect on evaluation
scores. Similar results with these elements and some micronutrients have
been previously reported (2). Other research f 13) has indicated that panel
ratings of turfgrass quality were a better measurement of K response than
either foliar levels of the element or yield. In a related study, the time of
Table 1 9.—Mean effects of K on turfgrass quality, yield, and foliar nutrient concentra-
tions
1974, 1975, and 1977 1975 and 1977
Treatment Panel Foliar N 3 Foliar P 3 Foliar K3
no. evaluation 1 Yield2 (%) (%) (%)
1 6.1 33.0 4.49 0.63 1.15
2 6.3 35.3 4.49 0.50 1.33 .
3 6.2 35.4 4.42 0.50 1.51
4 6.2 34.3 4.46 0.49 1.34
5 6.3 33.2 4.47 0.49 1.43
6 6.3 35.8 4.47 0.49 1.62
7 6.3 32.8 4.52 0.50 1.36
8 6.3 34.7 4.51 0.49 1.51
9 6.4 34.1 4.44 0.47 1.65
1 1-9, 9 = best.
2Grams fresh weight/22 ft 2 .
3 Dry weight basis.
28
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
oo
c
o
o
n
-
t
c
N
T
tivono
u
-iur>ididuSio
ld
lo
id
<
>
<
>
<
>0'd<)0
>o
>o
c
o
c
o
c
o
c
o
c
o
o
o
o
o
c
o
c
o
—
c
N
c
o
^j-ioorvcoo
29
sampling for foliar analysis had more influence on the K content of
clippings of Poa pratensis L. (Kentucky bluegrass) than the level of K
fertilization (17). Soil samples from these plots showed increasing
amounts of K with increasing fertilizer rates and ranged in values consid-
ered by the author as medium to very high (no data given).
Yearly variations in turfgrass quality, foliar N and K, and extractable K
reported here were probably caused by the leaching effect of rainfall on the
applied nutrients. The medium in which the grass was grown consisted of
70 percent sand, 20 percent sphagnum peat, and 10 percent topsoil by
volume, with an initial water infiltration rate of 5 inches per hour. The
highest rainfall during the research period (35 inches) occurred in 1977,
and the lowest (17 inches) was recorded in 1974. Turfgrass quality varied
inversely with rainfall, as did the foliar N levels. Foliar K concentrations,
however, did not exhibit the same pattern as N, reaching the highest
amounts in 1977 (Figure 1). Other research with Tifgreen' bermudagrass
here , in the same environment and growing medium , has also indicated that
soil and foliar N levels were lowered by leaching and/or high temperature
and organic matter influences. Foliar and soil K were also reduced during
the season by high rainfall (2).
The effect of the number of applications and amount of K 20 applied per
year on foliar K levels, and the correlation between turf quality and foliar
N, show interrelationships when critical levels of these nutrients are
reached. More frequent applications of K 20 and the use of a more slowly
soluble N source may offer a partial solution. Slowly soluble forms of N
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and K combined (other than in Milorganite sewage sludge) are generally
not used on golf greens due to the low mowing height, which results in
damage to coated pellets, and the high cost of such fertilizers. Three or
more K 20 applications per season may be necessary, along with the proper
source and rate of N (2) and a good supply of P, for optimum quality of
Tifgreen' bermudagrass grown on USGA golf greens in Louisiana.
Summary
Research was conducted from 1974 to 1981 to determine some of the
nitrogen, phosphorus, and potassium fertility requirements of Tifgreen'
bermudagrass planted on golf greens constructed according to U.S. Golf
Association specifications in a warm, humid environment.
Nitrogen sources used were ammonium nitrate, ureaformaldehyde (UF),
isobutylidene diurea (IBDU), sulfur-coated urea (SCU), and activated
sewage sludges (Hi-Organic and Milorganite). Milorganite, at most rates
and application frequencies, was superior to all other fertilizers in produc-
ing high-quality golf green turfgrass, as evaluated by visual ratings of a
panel of faculty members and golf superintendents. Six pounds of Milor-
ganite nitrogen per 1,000 square feet per growing season (April to Oc-
tober), applied at the rate of 2 pounds of nitrogen every 2 months, provided
a higher quality putting surface in 1979 and 1980 than all other sources and
rates used except those of 12 and 18 pounds of Milorganite nitrogen, which
were uneconomical to apply. One pound per month of Milorganite nitro-
gen, or other sources used in this research (6 pounds of nitrogen per
season), resulted in the lowest quality turfgrass. Some turfgrass injury
resulted when IBDU was applied at rates of 2 or more pounds of nitrogen
per 1,000 square feet, regardless of application frequency.
Phosphorus research showed that this element (from superphosphate)
did not influence turfgrass quality directly, but may have had an indirect
effect since phosphorus was related to yield, and yield and quality were
interrelated. However, soil test analyses indicated yield was influenced
only by the applied phosphorus and not by the amount of phosphorus
present in the soil. The amount of the element present in grass clippings,
based on foliar analyses, was related to turfgrass yield in this study, and the
amount of phosphorus applied did influence the concentrations of that
element present in the grass foliage. It appeared, in this research , that major
attention should be given to the phosphorus applied as fertilizer and
relatively less importance to the supply of the element supposedly already
available in the soil.
Neither the rate of applied potassium (from potassium chloride) nor the
number of applications had a significant influence on turfgrass quality or
yield. However, the amount of the element applied and the number of
applications did influence the amount of potassium and nitrogen present in
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the foliage and the potassium in the growing medium, which were related
to quality. Thus, the effectiveness of using potassium in split applications
at a high total rate is indicated for high rainfall areas such as Louisiana,
where leaching occurs. Three or more potassium applications per season
may be necessary, along with the proper source and rate of nitrogen and a
good supply of phosphorus, for optimum quality of 'Tifgreen' bermuda-
grass on USGA golf greens in Louisiana.
It should be kept in mind that all data presented here were obtained with
'Tifgreen ' bermudagrass grown in the medium, at nutritional levels, and in
the environment previously described. Results could vary with different
species, under different conditions. Additional research will be necessary
to determine if these data are valid in other situations of climate, species,
and media.
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